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A glass plate includes a first surface provided with a first
film; and a second surface provided with a second film and
opposite to the first surface. Each of the first film and the
second {ilm includes mainly tin oxide and has a sheet
resistance value of 20 £2/[ ] or less. When film thicknesses of
the first and second films are 0, nm and 0, nm respectively,
and when, 1n the glass plate, a haze value measured from the
first surface side for a configuration provided with the first
film only 1s H, (%), and a haze value measured from the
second surface side for a configuration provided with the
second film only 1s H, (%), a value of 0, divided by H; 1s 500

or more but 1200 or less, and a value of 0, divided by H, 1s
300 or more but 750 or less.
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(i) DURING MANUFACTURING OF A GLASS RIBBON, A FIRST
FILM IS DEPOSITED BY A CVD METHOD ON A FIRST SURFACE
OF THE GLASS RIBBON OPPOSITE TO A SECOND SURFACE

THAT CONTACTS MELTED TIN
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(ii) AFTER CUTTING THE GLASS RIBBON, A SECOND FILM IS
DEPOSITED ON THE SECOND SURFACE BY A CVD METHOD,
TO OBTAIN A GLASS PLATE

I

(m) THE GLASS PLATE IS HEATED AT A TEMPERATURE THAT
IS HIGHER THAN THE GLASS-TRANSITION TEMPERATURE OF
THE GLASS RIBBON BUT LOWER THAN THE SOFTENING
TEMPERATURE OF THE GLASS RIBBON
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GLASS PLATE AND MANUFACTURING
METHOD THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a continuation application filed
under 35 U.S.C. 111(a) claiming benefit under 35 U.S.C. 120

and 363(c) of PCT International Application No. PCT/
JP2016/057425 filed on Mar. 9, 2016 and designating the
U.S., which claims priority of Japanese Patent Application
No. 2015-081226 filed on Apr. 10, 2013. The entire contents
of the foregoing applications are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosure herein generally relates to a glass plate and
a manufacturing method thereof.

2. Description of the Related Art

In some cases a Low-E glass (low-emissivity glass) 1s
used as a useful glass 1n a location where a temperature
difference from an environment 1s great, such as windows of
a building, electrical equipment, and a vehicle.

Low-E glass 1s a glass 1n which a film that suppresses a
heat transfer by radiation, known as a Low-E film, 1s
arranged on at least one surface of a glass plate. In the
Low-E glass, according to the eflect of the Low-E film, more
excellent heat insulating property/heat-shielding property
can be obtained than the typical glass plate.

At present, such a Low-E film 1s deposited by various
methods, such as a sputtering method, a CVD method, or a
spray method.

European Patent Application Publication No. 1293726
discloses depositing a first Low-E film, by a CVD method,
on a {irst surface of a glass substrate, and depositing a second
Low-E film, by a sputtering method, on a second surface of
the glass substrate.

SUMMARY OF THE INVENTION

Technical Problem

However, 1n the glass member described in European
Patent Application Publication No. 1293726, types and
methods of depositing the Low-E films on the first surface
and the second surface are different from each other, and
materials and film qualities of the Low-E films on both sides
are different from each other. Therefore, when the glass
substrate 1s strengthened by a heat treatment, a warpage of
the substrate may occur.

Moreover, on the first surface of the glass substrate, by a
CVD method, a first Low-E film may be deposited, and on
the second surface of the glass substrate, by a spray method,
a second Low-E film may be deposited.

However, also 1n this manufacturing method, similarly to
European Patent Application Publication No. 1293726, film
qualities of the Low-E films formed on both sides of the
glass substrate are diflerent from each other. Therefore, even
if the materials of the Low-E films formed on both sides are
made samely, a sheet resistance value on the second Low-E
film side formed by a spray method tends to become

significantly high. When the Low-E film having such a high
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sheet resistance value 1s applied to a Low-E glass system, it
1s 1mpossible to obtain suflicient temperature reduction
eflect on the front side and rear side, and suflicient heat
insulating performance/heat-shielding performance may not
be exerted.

The present invention was made 1 view ol such a
background, and it 1s an object of the present invention to
provide a glass plate, 1n which a warpage 1s not lable to
occur when a heat treatment 1s performed, and which has an
appropriate sheet resistance value, and a manufacturing
method thereof.

Solution to Problem

According to a first aspect of the present invention, a glass
plate including a first surface provided with a first film; and
a second surface provided with a second film and opposite
to the first surface,

cach of the first film and the second film including mainly
tin oxide and having a sheet resistance value of 20 £2/[ ] or
less,

when a film thickness of the first film 1s 0, nm, and a film
thickness of the second film 1s 0, nm, and when, 1n the glass
plate, a haze value measured from the first surface side for

a configuration provided with the first film only 1s H, (%),
and a haze value measured from the second surface side for

a configuration provided with the second film only 1s H, (%),
a value of 0, divided by H, (0,/H,) being 500 or more but

1200 or less, and
a value of 0, divided by H,, (0,/H,) being 300 or more but

750 or less, 1s provided.

According to a second aspect of the present invention, a
manufacturing method of a glass plate 1n which films are
provided on first and second surfaces that are opposite to
cach other, respectively, including

(1) forming, during manufacturing of a glass ribbon, a first

film mainly including tin oxide, by a CVD method, on the
first surface of the glass ribbon that 1s an opposite side to the
second surface, the second surface contacting melted tin;
and

(1) forming, after cutting the glass ribbon, on the second
surface, by a CVD method, a second film mainly including
tin oxide,

when a {ilm thickness of the first film 1n 0, nm, and a film
thickness of the second film 1s 0, nm, and when, 1n the glass
plate obtained after the step (11), a haze value measured from
the first surface side for a configuration provided with the
first film only 1s H, (%), and a haze value measured from the

second surface side for a configuration provided with the
second film only 1s H, (%),

a value of 0, divided by H, (0,/H,) being 500 or more but
1200 or less, and

a value of 0, divided by H,, (0,/H,) being 300 or more but
750 or less, 1s provided.

Eftect of the Invention

According to the present invention, a glass plate in which
a warpage ol a glass substrate 1s not liable to occur and
which has an appropriate sheet resistance value, when a heat
treatment 1s performed, and a manufacturing method thereof
can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and further features of embodiments waill
become apparent irom the following detailed description
when read 1n conjunction with the accompanying drawings,

in which:
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FIG. 1 1s a cross sectional diagram schematically depict-
ing an example of a glass plate according to an embodiment;
and

FIG. 2 1s a flowchart schematically depicting a manufac-
turing method of a glass plate according to the embodiment.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(1]

In the following, with reference to drawings, embodi-
ments ol the present invention will be described.

(Glass Plate According to an Embodiment of the Present
Invention)

FIG. 1 schematically depicts a cross-section of a glass
plate according to an embodiment of the present invention
(in the following, referred to as the “first glass plate™).

As 1llustrated i FIG. 1, the first glass plate 100 1s
configured by arranging films on respective surfaces of a
glass substrate 110. More specifically, the glass substrate 110
includes a first surface 112 and a second surface 114. A first
film 120 1s arranged on the first surface 112 of the glass
substrate 110, and a second film 130 1s arranged on the
second surface 114 of the glass substrate 110.

The first film 120 1s configured by a material mainly
including tin oxide. Similarly, the second film 130 1s con-
figured by a material mainly including tin oxide. An under-
coat layer may be arranged between the first film and the
glass substrate 110. Similarly, an undercoat layer may be
arranged between the second film and the glass substrate
110. These undercoat layers have a role of preventing
constituent elements from diffusing to each other, between
the first film 120 and the glass substrate 110 and between the
second film 130 and the glass substrate 110. Moreover, the
undercoat layers prevent light from being reflected from the
glass substrate 110 via the first film 120 or the second film
130.

In the present application, “(layer) mainly including a
material ‘A’ means that at least 50 wt % of the material ‘A’
1s included in the layer.

In the first glass plate 100, the first film 120 has a sheet
resistance value of 20 €2/[ ] or less. Similarly, the second film
130 has a sheet resistance value of 20 €2/[] or less.

In the first glass plate 100, for a configuration provided
with the first film 120 only, a haze value measured from the
first surface side 1s H,; (%), and for a configuration provided
with the second film 130 only, a haze value measured from

the second surface side 1s H, (%), a first film 120 1s
configured so that a value obtained by dividing 0, by H,
(0,/H,) 1s within a range from 500 to 1200. Moreover, the
second film 130 1s configured so that a value obtained by
dividing O, by H, (0,/H,) 1s within a range from 300 to 730.

Here, 0, 1s a film thickness (nm) of the first film, and 0,
1s a film thickness (nm) of the second film.

The first film 120 having the above-described feature can
be formed by an on-line CVD method under a predeter-
mined condition. Moreover, the second film 130 having the
above-described feature can be formed by an offline CVD
method under a predetermined condition.

Moreover, as described above, any of the first film 120
and the second film 130 mainly includes tin oxide.

Theretfore, when a relation between the film thickness and
the haze value that satisfies the above-described condition 1s
selected, a difference between the materials and the film
qualities of the first film 120 and the second film 130
arranged on both surfaces 112 and 114 of the glass substrate
110 can be reduced.

10

15

20

25

30

35

40

45

50

55

60

65

4

According to the above-described features, the conven-
tional problem can be significantly reduced whereby 1n the
first glass plate 100, when a heat treatment 1s performed 1n
order to strengthen the glass plate, a warpage of the glass
substrate occurs.

Moreover, 1n the first glass plate 100, as described above,
the first film 120 and the second film 130 are adjusted so that
the sheet resistance values are 20 £2/[ ] or less, respectively.
Furthermore, 1t 1s known that there 1s a proportional relation
between the sheet resistance value and an emissivity.

Therefore, by using the first glass plate 100, it becomes
possible to significantly reduce or solve the conventional
problem that when a glass plate 1s applied to a Low-E glass
system, suflicient temperature reduction eflect on the front
side and rear side cannot be obtained, and suflicient heat
insulating performance/heat-shielding performance may not
be exerted.

The emissivity of the first glass plate 100 1s preferably
0.25 or less, when the emissivity 1s measured from any one
of the first surface and the second surface. It 1s more
preferably 0.20 or less, further preferably 0.17 or less, and
the most preferably 0.15 or less.

A transmittance of the first glass plate 100 1s preferably
70% or more, when the transmittance 1s measured from any
one of the first surface and the second surface. When the
transmittance 1s less than 70%, visibility from inside of the
glass to outside or from outside to inside 1s likely to be
difficult to be obtained. The transmittance 1s more preferably
712% or more, turther preferably 75% or more.

(Each Configuration Member of the Glass Plate)

Next, with the above-described configuration of the first
glass plate 100 1llustrated 1n FIG. 1, as an example, each
confliguration member 1mncluded 1n the glass plate according
to the embodiment of the present invention will be described
in detail. In the following, upon indicating each member, the
reference numerals illustrated 1n FIG. 1 will be used for the
clanfication of the description.

(Glass Substrate 110)

A material of the glass substrate 110 1s not particularly
limited as long as the material 1s a glass. The glass substrata
110 may be configured by, for example, a soda lime glass,
a borosilicate glass, an alkali-alumino-silicate glass, or an
alkal1 free glass.

The glass substrate 110 may be 1n a state where a strength
has been improved by a heat treatment. Such heat treatment
(referred to as a post heat treatment) will be described later.

(First Film 120)

The first film 1s configured by a material mainly including
tin oxide. In the first film, a dopant such as fluorine and/or
antimony may be doped. By the doping of the dopant to tin
oxide, the first film may have a carrier concentration within
a range from 1x10°° to 1x10** cm™" measured by a Hall
ellect measurement apparatus, for example.

When an undercoat layer 1s further present between the
first film 120 and the glass substrate 110, the undercoat layer
1s configured by an insulation layer such as a silicon oxide
layer and/or a titanium oxide layer.

By arranging the undercoat layer between the first film
and the glass substrate 110, an adhesiveness of the first film
1s improved. A total thickness of the undercoat layer 1s, for
example, within a range from 10 nm to 70 nm.

The first film 120 has a sheet resistance value of 20 €2/
or less. The sheet resistance value 1s preferably 17 €2/[] or
less, and more preferably 15 €2/[] or less. Even when a
non-electrically mnsulated undercoat layer 1s present between
the first film 120 and the glass substrate 110, the sheet
resistance value tends to be a value of the entire first film
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120. For the case of the first film 120 being configured only
by the first film, or for the case of the first film 120 and an
insulated undercoat layer being present, the sheet resistance
value tends to be the same as the sheet resistance value of the

first film.
As described above, when a thickness of the first film 120
1s 0, (nm), for a configuration provided with the first film

only, and a haze value measured from the first surface side
1s H, (%), a 0,/H, value satisties a range from 500 to 1200.

Especially, the thickness of the first film 120 0, 1s, for
example, within a range from 300 nm to 3550 nm, and
preferably within a range from 420 nm to 490 nm. More-
over, the haze value H, 1s within a range from 0.2% to 1.0%,
and preferably within a range from 0.4% to 0.8%.

The first film 120 1s arranged by an on-line CVD method
on a first surface 112 of the glass substrate 110. A tempera-
ture of the glass substrate 110 immediately before deposition
1s, for example, within a range from 550° C. to 1000° C. By
the on-line CVD method, the first film 120 having the
above-described sheet resistance value and the 0,/H, value
can be formed relatively easily.

(Second Film 130)

The second film 1s configured by a material mainly
including tin oxide. In the second film, a dopant such as
fluorine and/or antimony may be doped. By the doping of
the dopant to tin oxide, the second film may have a carrier
concentration within a range from 1x10°° to 1x10°* cm™"
measured by the Hall effect measurement apparatus, for
example.

When an undercoat layer 1s present between the second
film 130 and the glass substrate 110, the undercoat layer 1s
configured by an insulation layer such as a silicon oxide
layer and/or a titanium oxide layer.

By arranging the undercoat layer between the second film
and the glass substrate 110, an adhesiveness of the second
f1lm 1s improved. A total thickness of the undercoat layer 1is,
for example, within a range from 10 nm to 70 nm.

The second film 130 has a sheet resistance value of 20
(2/[ ] or less. The sheet resistance value 1s preferably 17 €2/
or less, and more preferably 15 €/[ ] or less.

As described above, when a thickness of the second film
130 1s 0, (nm), for a configuration provided with the second
film only, and a haze value measured from the second
surface side 1s H, (%), a 0,/H,, value satisfies a range from
300 to 730.

Especially, the thickness of the second film 130 0, 1s, for
example, within a range from 250 nm to 3550 nm, and
preferably within a range from 310 nm to 490 nm. More-
over, the haze value H, 1s within a range from 0.2% to 1.5%,
and preferably within a range from 0.4% to 1.0%.

The second film 130 1s arranged by an oflline CVD
method on the second surface 114 of the glass substrate 110.
A temperature of the glass substrate 110 immediately before
deposition 1s, for example, within a range from 500° C. to
650° C. By the oflline CVD method, the second film 130
having the above-described sheet resistance value and the
0./H, value can be formed relatively easily.

The first film 120 formed on-line can be easily distin-
guished from the second film 130 formed oflline. That 1s, the
second surface 114 of the glass substrate 110 becomes a
surface contacting a melted tin bath during depositing the
first film 120 on-line. Then, at an interface between the
second film 130 and the second surface 114 of the glass
substrate 110, residual tin 1s introduced. Therefore, by the
presence or absence of the residual tin, the first film 120
tformed on-line and the second film 130 formed oflline can
be distinguished.
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(First Glass Plate 100)

The first glass plate 100 can be applied to various low
emissivity glass systems which require heat imnsulating prop-
erty/heat-shielding property. Such a low emissivity glass
system 1includes, for example, windows of buildings and
vehicles, doors of ovens (including microwaves), windows
of fireplaces, or reach-in doors of refrigerators.

Typically, such a low emissivity glass system includes a
glass plate group configured by 2 sheets, or 3 or more sheets
of glass plates. The first glass plate 100 1s arranged at any
part ol such a glass plates group (e.g. an approximately
central side, an approximately inner side, or the like).

(Manufacturing Method of a Glass Plate According to the
Embodiment of the Present Invention)

Next, with reference to FIG. 2, an example of a manu-
facturing method of a glass plate according to the embodi-
ment of the present mvention will be described. With the
first glass plate 100 illustrated 1n FIG. 1, as an example, a
manufacturing method thereof will be described.

FIG. 2 schematically depicts a flowchart of the manufac-
turing method of the glass plate according to the embodi-
ment of the present invention (In the following referred to as
the “first manufacturing method of glass plate™).

As 1llustrated 1 FI1G. 2, the first manufacturing method of
glass plate includes:

(1) a step of, during manufacturing of a glass ribbon,
depositing a first film by a CVD method on a first surface of
the glass ribbon opposite to a second surface that contacts
melted tin (step S110);

(11) a step of depositing a second film, after cutting the
glass ribbon, on the second surface by a CVD method, to
obtain a glass plate (step S120); and

(111) a step of heating the glass plate at a temperature that
1s higher than the glass-transition temperature of the glass
ribbon but lower than the softening temperature of the glass
ribbon (step (5130).

The step S130 1s performed optionally, and may be
omitted.

In the following, the respective steps will be described. In
the following explanations, upon indicating each member,
the reference numerals illustrated 1n FIG. 1 will be used for
the clarification of the description.

(Step S110)

First, by a general floating method, a glass ribbon 1s
manufactured on a melted tin. The glass ribbon has a first
surtace and a second surface. The second surface 1s assumed
to be a surface of the glass ribbon that contacts the melted
tin (1.¢. a lower surface). A composition of the glass ribbon
1s not particularly limited. The glass ribbon may have a
composition for a soda lime glass, a borosilicate glass, an
alkal1 alumino silicate glass, or an alkal1 free glass.

Next, in the middle of manufacturing of the glass ribbon,
on the first surface (1.e. an upper surface), by a CVD method,
a first film 120 1s deposited (On-line CVD deposition).

A temperature of a deposition part of the glass ribbon 1s,
for example, within a range from 550° C. to 1000° C. A
conveyance speed of the glass ribbon 1s, for example, within
a range from 1 m/minute to 30 m/minute. Moreover, a speed
of supplying materials upon depositing 1s, for example,
within a range from 100 g/minute to 2000 g/minute.

The first film 120 consists of a material mainly including
tin oxide. The first film may be, for example, a tin oxide 1n
which fluorine and/or antimony are doped.

As described above, an undercoat layer may be present
between the first film 120 and the glass substrate 110. In this
case, first, on the first surface of the glass ribbon, on
undercoat layer or two or more undercoat layers are depos-
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ited. Thereafter, on the undercoat layer, the first film 1s
deposited. The undercoat layer may include, for example, a
silicon oxide layer and/or a titanium oxide layer.

A thickness of all the undercoat layers 1s, for example,
within a range from 10 nm to 70 nm, and preferably within
a range from 20 nm to 50 nm. A film thickness of the first
f1lm 1s, for example, within a range from 300 nm to 550 nm,
and preferably within a range from 420 nm to 490 nm.

In the on-line CVD deposition under the above-described
condition, when the thickness of each layer configuring the
first film 120 1s included 1n this range, the sheet resistance
value of the first film 120 1s 20 €/[] or less.

Moreover, 1n the on-line CVD deposition under the
above-described condition, the 0,/H, value of the first film
120 1s typically within a range from 500 to 1200.

Afterwards, the glass ribbon 1s cooled to room tempera-
ture, and the manufacture of the glass ribbon ends. The
manufactured glass ribbon 1s cut into pieces with a prede-
termined size. According to the above-described operation,
the glass substrate 110 having the first film 120 on the first
surface 112 1s obtained.

(Step S120)

Next, on the second surface 114 of the glass substrate 110
obtained as above, 1.e. on the surface that contacted the
melted tin bath upon manufacturing the glass ribbon, by a
CVD method, a second film 130 1s deposited (Oflline CVD
deposition).

A temperature of the glass substrate 110 upon deposition
1s, for example, within a range from 500° C. to 650° C. A
speed of supplying materials upon depositing 1s, for
example, within a range from 30 g/minute to 1000 g/minute.
In the offline CVD deposition, different from the on-line
CVD deposition, it 1s not necessarily required to perform the
deposition 1n a state where the glass substrate 110 1s con-
veyed. For example, the second film 130 may be deposited
by a CVD method in a state where the glass substrate 110
remains at rest. In the case of depositing in the state where
the glass substrate 110 1s conveyed, the conveyance speed of
the glass substrate 110 1s, for example, within a range from
0.5 m/minute to 15 m/minute.

The second film 130 1s configured by a material mainly
including tin oxide. The second film may be, for example, a
tin oxide 1n which fluorine and/or antimony are doped. The
second film may have the same composition as the first film.

As described above, an undercoat layer may be present
between the second film 130 and the glass substrate 110. In
this case, first, on the second surface of the glass substrate
110, one undercoat layer or two or more undercoat layers are
deposited. Thereafter, on the undercoat layer, the second
film 1s deposited. The undercoat layer may include, for
example, a silicon oxide layer and/or a titanium oxide layer.

A thickness of all the undercoat layers 1s, for example,
within a range from 10 nm to 70 nm, and preferably within
a range from 20 nm to 50 nm. A film thickness of the second
film 1s, for example, within a range from 250 nm to 550 nm,
and preferably within a range from 310 nm to 490 nm.

In the offline CVD deposition method under the above-
described condition, when the thickness of each layer con-
figuring the second film 130 1s included 1n this range, the
sheet resistance value of the second film 130 1s 20 €2/[] or
less.

Moreover, 1n the offline CVD deposition under the above-
described condition, the 0./H, value of the second film 130
1s typically within a range from 300 to 750.

(Step S130)

According to the processes of Steps S110 to S120, the
glass plate 100 as illustrated in FIG. 1 can be manufactured.
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8

Furthermore, the glass plate 100 obtained as above may
be subjected to a post heat treatment. The post heat treatment
1s performed 1n order to enhance the strength of the glass
substrate 110. By performing the post heat treatment, a
compressive stress layer 1s formed on a surface of glass, and
a tensile stress layer 1s formed inside the glass. By forming
the above-described stress distribution, the strength of the
glass substrate 110 1s enhanced, and when the glass plate 100
1s broken, sharp pieces can be prevented from scattering.

The post heat treatment 1s performed, for example, by
heating the glass plate 100 up to a predetermined tempera-
ture 1n open air, and then, rapidly cooling the glass plate 100.

The heating temperature i1s selected from temperatures
higher than the glass-transition temperature and lower than
the softening temperature. The heating temperature may be,
for example, within a range from 600° C. to 720° C. A
heating time 1s, 1n a typical case, about 10 seconds to 5
minutes. A cooling method 1s not particularly limited. A
cooling process may be performed, for example, by expos-
ing the heated glass substrate 110 directly into the room
temperature environment. Alternatively, the cooling process
may be performed by blowing compressed air onto both
surfaces of the heated glass substrate 110.

According to the above-described processes, the glass

plate 110 according to the embodiment of the present
invention can be manufactured.

EXAMPLES

Next, examples of the present invention will be described.

Example 1

According to the following method, a glass plate having
the Low-E films on both surfaces was manufactured.

First, during manufacturing of a soda lime glass by a
floating method, on an upper surface (first surface) of a glass
ribbon being conveyed, by an on-line CVD method, an
undercoat (two layers) and a first film were deposited in this
order.

As a first undercoat, a T10, layer (targeted thickness 1s 10
nm) was deposited. For the raw maternial, a mixed gas of
titanium tetraisopropoxide (T'TIP) and nitrogen was used.

Next, as a second undercoat, a S10, layer (targeted
thickness 1s 30 nm) was deposited. For the raw matenal, a
mixed gas of silane, oxygen, and nitrogen was used.

Then, as the first film, a fluorine-doped tin oxide layer
(targeted thickness 1s 460 nm) was deposited. For the raw
material, a mixed gas of monobutyltinchloride (MBTC),
tritfluoroacetic acid (TFA), oxygen, mitrogen, and water
vapor was used. A speed of supplying MBTC of the raw
material was set to be within a range from 300 g/minute to
1800 g/minute.

A surface temperature of the glass ribbon immediately
before depositing each layer was within a range from 580°
C. to 950° C., and a conveyance speed was within a range
from 5 m/minute to 30 m/minute.

Afterwards, the glass ribbon was cooled to the room
temperature, and then, the glass ribbon was cut into pieces
having a predetermined dimension. According to the opera-
tions, a glass plate having the first film on one surface (first
surface) was obtained.

For the obtamned glass plate (in the following, also
referred to as a “constituent 17), using a haze meter, a
measurement of a haze value for a D65 light source was
performed. As a result, a haze value was 0.5%. Therefore,

the above-described 0,/H, value was 460/0.5=920.
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Next, on a surface of the glass plate that had contacted a
melted tin bath (second surface), by an offline CVD method,
an undercoat (two layers) and a second film were deposited
in this order. Configurations of the undercoat and the second
film were set to be the same as the first film.

The deposition of the second film was performed 1n a state
where the second surface of the glass plate was 1n an upward
direction, while conveying the glass plate. A surface tem-
perature of the glass plate immediately before the deposition
was 600° C., and the conveyance speed of the glass plate
was within a range from 1 m/minute to 10 m/minute.

After depositing a 110, layer (targeted thickness was 10
nm) and a S10, layer (targeted thickness was 30 nm), a
fluorine-doped tin oxide layer (targeted thickness was 460
nm) was deposited. For the raw maternial, a mixed gas of
MTBC, hydrogen fluoride, oxygen, nitrogen, and water
vapor was used. A speed of supplying MBTC of the raw
material was set to be within a range from 30 g/minute to
500 g/minute.

According to the above-described operations, a glass plate
having a first film on the first surface of the glass plate, and
a second film on the second surface of the glass plate (1n the
tollowing, referred to as a “glass plate 17) was manufac-
tured.

In the obtained glass plate 1, the first film was removed,
and a constituent (in the following, also referred to as a

“constituent 2”) was formed. Moreover, using the constitu-
ent 2, a haze value was measured. As a result, a haze value

was 0.9%. Therefore, the 0,/H, value was 460/0.9=467.

Example 2

By the same method as the above-described example 1, a
glass plate (1n the following, referred to as a “glass plate 27)
was manufactured.

In the example 2, for the conveyance speed of the glass
plate upon depositing the second film (1 m/minute to 10
m/minute) and the speed of supplying MBTC of the raw
material (20 g/minute to 400 g/minute), a condition diflerent
from the case of the example 1 was employed. The targeted
thickness of a fluorine-doped tin oxide layer 1n the second
film was set to 300 nm. Other manufacturing conditions
were the same as the case of the example 1.

In the obtained glass plate 2, the first film was removed,
and a constituent 2 was formed. Moreover, using the con-
stituent 2, a haze value was measured. As a result, a haze

value was 0.6%. Theretore, the above-described 0,/H, value
was 300/0.6=500.

Example 3

By the same method as the above-described example 1, a
glass plate (in the following, referred to as a “glass plate 3”)
was manufactured.

In the example 3, the temperature of the glass plate
immediately before depositing the second film was set to
560° C. Moreover, for the conveyance speed of the glass
plate upon depositing the second film (0.5 m/minute to 10
m/minute) and the speed of supplying MBTC of the raw
material (30 g/minute to 500 g/minute), a condition diflerent
from the case of the example 1 was employed. The targeted
thickness of a fluorine-doped tin oxide layer 1n the second
film was set to 440 nm. Other manufacturing conditions
were the same as the case of the example 1.

In the obtained glass plate 3, the first film was removed,
and a constituent 2 was formed. Moreover, using the con-
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stituent 2, a haze value was measured. As a result, a haze
value was 1.6%. Therefore, the 0,/H, value was 440/
1.6=271.

Example 4

By the same method as the above-described example 3, a

glass plate (1n the following, referred to as a “glass plate 4”)
was manufactured.

In the example 4, for the conveyance speed of the glass
plate upon depositing the second film (0.5 m/minute to 10
m/minute) and the speed of supplying MBTC of the raw
material (20 g/minute to 400 g/minute), a condition diflerent
from the case of the example 1 was employed. The targeted
thickness of a fluorine-doped tin oxide layer 1n the second
film was set to 310 nm. Other manufacturing conditions
were the same as the case of the example 3.

In the obtained glass plate 4, the first film was removed,
and a constituent 2 was formed. Moreover, using the con-
stituent 2, a haze value was measured. As a result, a haze
value was 0.3%. Therefore, the 0,/H, value was 310/
0.3=1033.

Example 5

By the same method as the above-described example 1, a
glass plate (1n the following, referred to as a “glass plate 57)
was manufactured.

In the example 3, the second film was a single layer of the
fluorine-doped tin oxide layer. That 1s, 1n the offline CVD
deposition, a deposition process of an undercoat layer of two
layers, as 1n the example 1, was not performed, but on the
second surface of the glass plate, a fluorine-doped tin oxide
layer was deposited directly. The targeted thickness of the
fluorine-doped tin oxide layer was set to 418 nm.

In the obtained glass plate 5, the first film was removed,
and a constituent 2 was formed. Moreover, using the con-
stituent 2, a haze value was measured. As a result, a haze
value was 0.5%. Theretfore, the 0,/H, value was 410/
0.5=820.

Example 6

By the same method as the above-described example 1, a
glass plate (1n the following, referred to as a “glass plate 6”)
was manufactured.

In the example 6, the second film was deposited by an
oflline sputtering method. Moreover, the second film was a
single layer of an ITO layer. A deposition of the ITO layer
was performed as follows:

First, in a state where the second surface of the glass plate
was 1n an upward direction, the glass plate 1s arranged inside
a deposition chamber. Then, the glass plate was heated to
185° C. 1n a rest state. In this state, the sputtering deposition
of the ITO layer on the glass plate was performed. For the
target of the sputtering, a sintered body configured by
indium oxide and tin oxide was used. A film thickness of the
ITO layer was targeted to 90 nm.

In the obtained glass plate 6, the first film was removed,
and a constituent 2 was formed. Moreover, using the con-
stituent 2, a haze value was measured. As a result, a haze
value was 0.1%. Theretore, the above-described 0,/H,, value
was 90/0.1=900.

TABLE 1, 1n the following, shows a deposition method,
a haze value, the above-described 0,/H, value and the 0,/H,
value for the respective first film and the second film of the
glass plates 1 to 6, as a whole.
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TABLE
first film second film
deposition haze value deposition haze value

example configuration  method H, (%) ©0,H, configuration = method H, (%) 0-/H,

1 F-doped SnO-, on-line cvd 0.5 920 F-doped SnO, ofiline cvd 0.9 467
(460 nm) method (420 nm) method

2 F-doped SnO, on-line cvd 0.5 920 F-doped SnO, offline cvd 0.6 500
(460 nm) method (300 nm) method

3 F-doped SnO, on-line cvd 0.5 920 F-doped SnO, offline cvd 1.6 271
(460 nm) method (440 nm) method

4  F-doped SnO, on-line cvd 0.5 920 F-doped SnO, oflfline cvd 0.3 1033
(460 nm) method (310 nm) method

5 F-doped Sn0O, on-line cvd 0.5 920 F-doped SnO, ofifline cvd 0.5 820
(460 nm) method (410 nm) method

6 F-doped SnO, on-line cvd 0.5 920 ITO (90 nm) offline 0.1 900

(460 nm) method sputtering

method

(Evaluation) - The respective samples after the post heat treatment were

Using the glass plates 1 to 6, the following evaluations arranged horizontally on a table, and a presence/absence of
were performed: a warpage was evaluated. For the evaluation of warpage,

(Measurement of Sheet Resistance Value) “excellent (warpage 1s absent)” was determined when a

For the respective glass plates 1 to 6, using a four probe warpage ol the glass plate was 3 mm or less, and “fair
method, a sheet resistance value was measured. The mea- ,5 (warpage i1s present)” was determined when the warpage of
surement of sheet resistance values 1s performed by using the glass plate was greater than 3 mm.
the above-described constituent 1 (1.e. a state of the glass As a result, the glass plates 1 and 2 were determined as
plate and the first film), and the constituent 2 (1.e. a state of “warpage 1s absent”. The glass plates 3 to 6 were determined
the glass plate and the second film). as “warpage 1s present’.

In the fields of “Sheet resistance value” in TABLE 2, as 30 In the field of “heat treatment test” in above-described
tollows, results of measurement for the sheet resistance TABLE 2, results of the heat treatment test obtained for the
value obtained for the constituent 1 and the constituent 2 glass plates 1 to 6 were shown as a whole.
prepared from the glass plates 1 to 6 are shown as a whole. (Durability Test)

For the respective glass plates 1 to 6, the durability test
1ABLE 2 33 was performed.
heet tesictance valiue heat eansmit. For the durability test, the fof_.lowing four items were
(Q/0) treatment durability =~ tance performed based on the standard EN 1096-2:2012:
1 | | D (1) test at high temperature and high humidity for 21 days
cxample constifuent 1 consfifuent 2 fest test ) A0 (heat cycle test within a temperature from 45° C. to 55° C.
1 10.3 14.9 excellent  excellent 76.5 in an atmosphere of humidity greater than 98% RH);
2 10.5 19.2 excellent  excellent 773 (i1) neutral salt water spray test for 21 days (NaCl of
3 10.3 14.1 fair excellent 75.9 :
4 103 1 5 Fair v collont 78 0 concentration of 50 g/l was sprayed at an atmosphere
5 10.3 17.1 fair excellent 75.4 temperature of 35° C.x2° C.);
6 10.3 22.8 fair fair 80.1 L5 (i11) SO2 Kesternich test (5 cycles of a heat cycle at
temperature of 40° C.£3° C. for 8 hours and at a room

As shown in TABLE 2, the sheet resistance value of the temperature for 16 hours were performed in SO, ot 0.2
constituent 1 was 10.3 W/[] for any of the glass plates 1 to liters.); and
6. The sheet resistance value of the constituent 2 greatly (1v) felt abrasion test of 500 cycles.
varied among the glass plates 1 to 6. It was found that the 50  In the field of “durability test” 1n above-described TABLE
sheet resistance value of the constituent 2 was 20 W/[] or 2, result of the durability test obtained for the glass plates 1
less for the glass plates 1 to 3 and 5, and excellent electro- to 6 were shown as a whole.
conductivity was exhibited. In TABLE 2, when good results were obtained for all four

(Heat Treatment Test) of the items, determination was “excellent (durability)”.

For the respective glass plates 1 to 6, a state of warpage 55 Otherwise, determination was “fair”.
upon performing the post heat treatment was evaluated. From the results, 1t was found that the glass plates 1 to 5

The post heat treatment was performed with the following, exhibit an excellent durability, but the glass plate 6 does not
procedure. exhibit a good durability.

First, the respective glass plates were arranged horizon- (Measurement of Transmittance)
tally 1n an electric furnace that could be carried 1n and out 60  For the respective glass plates 1 to 6, using a haze meter,
by a belt conveyer. At this time, the respective glass plates a total light transmittance for a D65 light source was
were arranged on the belt conveyer so that the first film was measured.
in a downward direction. Next, the glass plates were heated In the field of “transmittance” in above-described TABLE
at 700° C., and maintained for a suflicient time. Afterwards, 2, results of the measurement of transmittance obtained for
the glass plates were carried out of the electric furnace at a 65 the glass plates 1 to 6 were shown as a whole.

conveyance speed of 70 mm/minute, and the glass plates
were cooled.

As results of the measurement, for any of the glass plates,
the transmittance was 75% or more.
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(Evaluation of Emissivity)

For the glass plates 1 and 2, an evaluation of whole
hemisphere emissivity was performed using a emissivity
meter.

As a result, 1t was found that the glass plates 1 and 2
exhibit sutliciently small emissivity of 0.25 or less.

INDUSTRIAL APPLICABILITY

The present mvention can be applied, for example, to a
glass plate for a Low-E glass system.

What 1s claimed 1s:

1. A glass plate comprising:

a first surface provided with a first film; and

a second surface provided with a second film and opposite
to the first surface,

wherein each of the first film and the second film includes
mainly tin oxide and has a sheet resistance value of 20
/] or less,

wherein a film thickness of the first film 1s 0, nm, and a
film thickness of the second film 1s 0, nm, and, 1n the
glass plate, a haze value measured from the first surface
side for a configuration provided with the first film only
1s H, (%), and a haze value measured from the second

surface side for a configuration provided with the
second film only 1s H, (%),

a value of 0, divided by H, (0,/H,) 1s 500 or more but
1200 or less, and

a value of 0, divided by H, (0,/H,) 1s 300 or more but 750
or less.

2. The glass plate according to claim 1 further comprising

at least one of:

a first insulated undercoat layer between the first film and
the first surface; and

a second insulated undercoat layer between the second
film and the second surface.

3. The glass plate according to claim 1,

wherein at least one of the first film and the second film
1s consisting of a fluorine-doped tin oxide.

4. The glass plate according to claim 1,

wherein the glass plate has a transmittance of 70% or
more.

5. The glass plate according to claim 1,

wherein the glass plate has an emissivity of 0.25 or less.

6. The glass plate according to claim 1,

wherein the glass plate 1s applied to a door of an oven or
a reach-1n door of a refrigerator.

7. The glass plate according to claim 1,

wherein the film thickness 0, of the first film 1s within a
range from 300 nm to 5350 nm, and,

wherein the film thickness 0, of the second film 1s within
a range from 250 nm to 3550 nm.

8. The glass plate according to claim 1,

wherein the film thickness 0, of the first film 1s within a
range from 420 nm to 490 nm, and,

wherein the film thickness 0, of the second film 1s within
a range from 310 nm to 490 nm.

9. The glass plate according to claim 1,

wherein the haze value H, 1s within a range of 0.2% to
1.0%, and

wherein the haze value H, 1s within a range of 0.2% to
1.5%.

10. The glass plate according to claim 1,

wherein the haze value H, 1s within a range of 0.4% to
0.8%, and

wherein the haze value H, 1s within a range of 0.4% to
1.0%.
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other, respectively, the method comprising:

14

11. The glass plate according to claim 1,

wherein sheet resistance value 1s 15 £2/[] or less.

12. The glass plate according to claim 1,

wherein the glass plate 1s a soda lime glass made by a tloat
method and the second surface contacted a melted tin
bath.

13. A glass plate comprising:

a first surface provided with a first film; and

a second surface provided with a second film and opposite
to the first surface,

wherein each of the first film and the second film includes
mainly tin oxide and has a sheet resistance value of 20
/] or less,

wherein a film thickness of the first film 1s 0, nm, and a
film thickness of the second film 1s O, nm, and 1n the
glass plate, a haze value measured from the first surface
side for a configuration provided with the first film only
1s H, (%), and a haze value measured from the second
surface side for a configuration provided with the
second film only 1s H, (%),

a value of 0, divided by H, (0,/H,) 1s 500 or more but

1200 or less, and

a value of 0, divided by H,, (0,/H,) 1s 300 or more but 7350
or less,

wherein the film thickness 0, of the first film 1s within a
range from 300 nm to 550 nm, and the film thickness
0, of the second film 1s within a range from 250 nm to
550 nm,

wherein the haze value H, 1s within a range of 0.4% to
0.8% and the haze value H, 1s within a range of 0.4%
to 1.0%, and

wherein the glass plate 1s a soda lime glass made by a float
method and the second surface contacted a melted tin
bath.

14. A manufacturing method of a glass plate in which

(1) forming, during manufacturing of a glass ribbon, a first
f1lm mainly including tin oxide, by a CVD method, on
the first surface of the glass ribbon that 1s an opposite
side to the second surface, the second surface contact-
ing melted tin; and

(11) forming, after cutting the glass ribbon, on the second
surface, by a CVD method, a second film mainly
including tin oxide,

wherein a film thickness of the first film 1s 0, nm, and a
film thickness of the second film 1s 0, nm, and, 1n the
glass plate obtained after the step (11), a haze value
measured from the first surface side for a configuration
provided with the first film only 1s H, (%), and a haze
value measured from the second surface side for a
configuration provided with the second film only 1s H,
(7o),

a value of 0, divided by H, (0,/H,) 1s 500 or more but
1200 or less, and

a value o1 0, divided by H,, (0,/H,) 1s 300 or more but 750
or less.

15. The manufacturing method according to claim 14

60 further comprising

65

(111) heating the glass plate at a temperature that 1s higher
than a glass-transition temperature of the glass ribbon
but lower than a softening temperature of the glass
ribbon.

16. The manufacturing method according to claim 14,

wherein at least one of the first film and the second film
1s consisting of a fluorine-doped tin oxide.
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17. The manufacturing method according to claim 14,
wherein, at the step (1), the first film, 1n which the film
thickness 0, 1s within a range from 300 nm to 350 nm,
1s formed, and or alternatively
wherein, at the step (11), the second film, 1n which the film 5
thickness 0, 1s within a range from 250 nm to 3550 nm,
1s formed.
18. The manufacturing method according to claim 14,
wherein the step (1) includes
forming a first undercoat layer; and 10
forming the first film on the first undercoat layer.
19. The manufacturing method according to claim 14,
wherein the step (11) includes
forming a second undercoat layer; and
forming the second film on the second undercoat layer. 15
20. The manufacturing method according to claim 14,
wherein at the step (1), the first film having a sheet
resistance value of 20 Q/[] or less 1s obtained, and/or
wherein at the step (11), the second film having a sheet
resistance value of 20 /[ ] or less 1s obtained. 20

G e x Gx s
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